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CARBON PARTICLE FIBER ASSEMBLY TECHNIQUE 

Cross-Reference to Related Application 

This application is related to concurrently filed United States Application Serial 
No. (case Greywall 35-19) which is incorporated by reference as if fully set forth herein. 

5 Technical Field 

This invention relates to carbon particles such as carbon nanotube molecules and 
carbon fibrils, and more particularly, to the art of assembling carbon particles into fibers 
in which the carbon particles are aligned. 

Background of the Invention 

10 Carbon particles, such as such as carbon nanotube molecules and carbon fibrils, 

have an array of properties, including electrical, mechanical, and heat conducting 
properties, that are highly desirable. However, the particles are relatively short, e.g., the 
longest ones are on the order of a few microns. Unfortunately, such lengths are generally 
unsuitable for applications in which the properties of the carbon particles can prove 

15 beneficial. 

Summary of the Invention 

I have recognized that, in accordance with the principles of the invention, carbon 
particles, such as, carbon fibrils and carbon nanotube molecules, may be assembled into 
aligned fibers using processes derived from the processes used to manufacture optical 

20 fiber. More particularly, the carbon particles are embedded in glass, which is then drawn 
to align them. By aligned it is meant that the axis along the longest dimension of each of 
the various particles in a local vicinity are substantially parallel. 

In one embodiment of the invention, the carbon particles are carbon nanotube 
molecules, and an initial mixture is formed by dispersing carbon nanotube molecules 

25 within sol-gel solution, which is a form of liquid glass. An ester is added to the mixture, 
causing it to solidify into a body, which may be porous. At this point the body may 
optionally be imbued with one or more other materials to influence the properties of the 
body so as to benefit the processing or the characteristics of the final fiber. The body may 
then be heated to consolidate it, i.e., to remove some or all of the pores, if any, thereby 

30 forming a consolidated body. The heating may be performed in the presence of a gas, 
e.g., to keep oxygen away from the consolidated body. The consolidated body is then 
drawn into a fiber. 
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The drawing into a fiber may be achieved by inserting the consolidated body 
within a larger glass body with a hole in it, e.g., a piece of glass tubing, that can receive 
the consolidated body. In accordance with an aspect of the invention, multiple 
consolidated bodies may be placed within the larger glass body, provided that the larger 
5 glass body has multiple holes, at least one for each consolidated body. The larger glass 
body including the at least one consolidated body is then further consolidated, e.g., 
heated, so that the consolidated bodies are merged with the larger glass body into a single 
so-called "preform". 

The preform is then drawn, using conventional optical fiber techniques, into a 
10 glass fiber that has at least one carbon nanotube fiber within it, e.g., one for each 
consolidated body that was placed within the larger glass body. In accordance with an 
aspect of the invention, as the glass fiber containing the carbon nanotube molecules is 
drawn, the carbon nanotube molecules from each consolidated body respectively align 
themselves and bond together to form each carbon nanotube fiber within the glass fiber. 
15 Optionally, the drawn glass fiber containing carbon nanotube fibers may be twisted, and 
reheated if necessary to facilitate the twisting, thereby causing the carbon nanotube fibers 
to be drawn toward the axis of the glass fiber and thereby expel some of the glass 
between and within the carbon nanotube fibers. Lastly, optionally, some or all of the 
glass coating the carbon nanotube fibers may be removed, e.g., using chemical or 
20 mechanical processes, or a combination thereof. 

In another embodiment of the invention, the carbon particles are carbon fibrils. 
In yet a further embodiment of the invention, both carbon fibrils and carbon 
nanotube molecules are employed to make up a single fiber. 

In yet a further embodiment of the invention, carbon fibrils are employed to make 
25 up one fiber and carbon nanotube molecules are employed to make up another fiber, and 
the two fibers are twisted in the optional twisting step. 

Brief Description of the Drawing 

In the drawing: 

FIG. 1 shows an exemplary process, in accordance with the principles of the 
30 invention, for assembling carbon particles into aligned fibers; 

FIG. 2 shows an exemplary consolidated glass body with carbon particles 
dispersed therein; 

FIG. 3 shows multiple consolidated bodies that are each placed within a respective 
hole of larger glass body; 
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FIG. 4 shows a preform in which the drawing process has started to produce 
therefrom aligned carbon particle fiber within the glass fiber; 

FIG. 5 shows the twisting of aligned carbon particle fibers and the resulting 
combined twisted aligned carbon particle fiber; and 
5 FIG. 6 shows a combined twisted aligned carbon particle fiber with a portion of 

the glass having been removed. 

Detailed Description 

The following merely illustrates the principles of the invention. It will thus be 
appreciated that those skilled in the art will be able to devise various arrangements that, 
10 although not explicitly described or shown herein, embody the principles of the invention 
and are included within its spirit and scope. Furthermore, all examples and conditional 
language recited herein are principally intended expressly to be only for pedagogical 
purposes to aid the reader in understanding the principles of the invention and the 
concepts contributed by the inventor(s) to furthering the art, and are to be construed as 
15 being without limitation to such specifically recited examples and conditions. Moreover, 
all statements herein reciting principles, aspects, and embodiments of the invention, as 
well as specific examples thereof, are intended to encompass both structural and 
functional equivalents thereof. Additionally, it is intended that such equivalents include 
both currently known equivalents as well as equivalents developed in the future, i.e., any 
20 elements developed that perform the same function, regardless of structure. 

Thus, for example, it will be appreciated by those skilled in the art that diagrams 
herein may represent conceptual views embodying the principles of the invention. 

In the claims hereof any element expressed as a means for performing a specified 
function is intended to encompass any way of performing that function including, for 
25 example, a) a combination of circuit elements which performs that function or b) software 
in any form, including, therefore, firmware, microcode or the like, combined with 
appropriate circuitry for executing that software to perform the function. The invention 
. as defined by such claims resides in the fact that the functionalities provided by the 
various recited means are combined and brought together in the manner which the claims 
30 call for. Applicant thus regards any means which can provide those functionalities as 
equivalent as those shown herein. 

Unless otherwise explicitly specified herein, the drawings are not drawn to scale. 
Concurrently filed application, United States Patent Application Serial No. (case 
Greywall-Yurke XX), which is incorporated by reference as if fully herein. 



D:\PATENTS\Greywall 34\GreywalI 34.doc 



Greywall 34 

In the description, identically numbered components within different ones of the 
FIGs. refer to the same components. 

FIG. 1 shows an exemplary process, in accordance with the principles of the 
invention, for assembling carbon particles, such as, carbon fibrils and carbon nanotube 
5 molecules, into aligned fibers using processes derived from the processes used to 
manufacture optical fiber. By aligned it is meant that the axis along the longest 
dimension of each of the various particles in a local vicinity are substantially parallel. 

The process of FIG. 1 is entered, in step 101, when carbon particles are dispersed 
in a glass body. This may be achieved, in one embodiment of the invention, by forming 

10 an initial mixture through the dispersion of carbon particles, e.g., carbon nanotube 
molecules, carbon fibrils, or both in combination, within a sol-gel solution, which is a 
form of liquid glass. Thereafter, an ester is added to the mixture, causing it to solidify 
into the body, which may be porous. At this point the body may optionally be imbued 
with one or more other materials to influence the properties of the body so as to benefit 

15 the processing or the characteristics of the final fiber. The body may then be heated to 
consolidate it, i.e., to remove some or all of the pores, if any, thereby forming a 
consolidated body. The heating may be performed in the presence of a gas, e.g., to keep 
oxygen away from the consolidated body. FIG. 2 shows exemplary consolidated glass 
body 201 with carbon particles 203 dispersed therein. 

20 The consolidated body 201 may be directly drawn into a fiber in step 105, the 

drawing step to be discussed further herein below. However, optionally, in step 103 the 
consolidated body may be incorporated into a preform, so that, advantageously, 
conventional glass fiber drawing equipment may be employed. 

To this end, first, as part of step 103, consolidated glass body 201 is placed within 

25 a larger glass body with a hole in it, e.g., a piece of glass tubing, that can receive the 
consolidated body. In accordance with an aspect of the invention, multiple consolidated 
bodies may be placed within the larger glass body, provided that the larger glass body has 
multiple holes, at least one for each consolidated body. This is shown in FIG. 3, where 
each of consolidated bodies 201 are placed within a respective hole 307 of larger glass 

30 body 305. Note that the various consolidated bodies placed within a single larger glass 
body need not be the same. For example, one consolidated body may contain carbon 
fibrils, another may contain carbon nanotube molecules, and a third may contain a 
mixture of carbon fibrils and nanotube molecules. Those of ordinary skill in the art will 
be able to select the type or types of consolidated bodies appropriate for their 

35 applications. 
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To complete the formation of the preform in step 103, the larger glass body 
including the at least one consolidated body is then further consolidated, e.g., heated, so 
that the consolidated bodies are merged with the larger glass body into a single so-called 
"preform". 

5 In step 105, the preform is then drawn, using conventional optical fiber 

techniques, into a glass fiber that has at least one aligned carbon particle fiber within it, 
e.g., one for each consolidated body that was placed within the larger glass body. 

FIG. 4 shows preform 309 in which the drawing process has started to produce 
therefrom aligned carbon particle fiber 407 within glass fiber 409. In accordance with an 

10 aspect of the invention, as glass fiber 409 is drawn the carbon particles from each 
consolidated body 201, respectively, align themselves and bond together to form each 
aligned carbon particle fiber within the glass fiber, e.g., in the vicinity of point 41 1. By 
aligned it is meant the axis along the longest dimension of each the various carbon 
particles in a local vicinity are substantially parallel. This can be seen in FIG. 4, where 

15 carbon particles closer to preform 309 than point 411 are randomly oriented while carbon 
particles within fiber 409 further from preform 309 than point 411 are pointing in 
substantially the same direction. 

Optionally, in step 107, the drawn glass fiber may be twisted. Such twisting 
causes the carbon nanotube fibers to be drawn toward the axis of the glass fiber, thereby 

20 expelling some of the glass between and within the carbon particles. If necessary, to 
facilitate the twisting process, the glass fiber may be reheated. The twisting of aligned 
carbon particle fibers 407 and the resulting combined twisted aligned carbon particle fiber 
513 are shown in FIG. 5 

Lastly, in optional step 109, some or all of the glass coating the aligned carbon 

25 particle fibers may be removed, e.g., using chemical or mechanical processes, or a 
combination thereof. Also, glass between the combined twisted aligned carbon particle 
fibers may also be removed. The removal may be performed along the entire length of 
the fiber or only along a portion thereof. FIG. 6 shows combined twisted aligned carbon 
particle fiber 513 with a portion of the glass having been removed. 

30 Advantageously, the process produces aligned carbon particle fibers, which may 

include glass between or around the aligned carbon particle fibers. 
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